1. INTRODUCTION {#sec1-1}
===============

Rheumatoid arthritis (RA), a chronic inflammatory disease with a prevalence of about 0.5 to 1% in the world, is associated with symptoms such as pain and stiffness in multiple joints, one-third of the patients, however, initially experience symptoms at just one location or at a few scattered sites ([@ref1][@ref2]). In the majority of patients, RA may result in a variety of extra articular manifestations, such as fatigue, subcutaneous nodules, lung involvement, pericarditis, peripheral neuropathy, vasculitis, and hematologic abnormalities. The disease course may range from self-limiting oligoarticular illness with minimal joint damage to a sustained polyarticular, synovial inflammation resulting in progressive cartilage destruction and bone erosion ([@ref2][@ref3]). In RA, inflammation of the synovial tissue is the main character at the cellular level; the synovium becomes infiltrated with T cells, dendritic cells (DC), macrophages, fibroblasts, mast cells, neutrophils and B cells. Morphological changes in synovial fluids including formation of tubule-like structures, induction of angiogenesis, changes in synovial blood vessel density, and alterations in endothelial proliferative responses take place.

Additionally, the vascular endothelial growth factor (VEGF) levels and the key pro-angiogenic factors are increased in RA with disease duration of less than 2 years, and predict subsequent joint destruction suggest that angiogenesis may be an early event in RA progression ([@ref4][@ref5][@ref6]). The volume of synovial fluid, nurturing and lubricating the joints, increases which results in joint swelling and pain.

The pathogenic mechanisms of synovial inflammation include a complex interaction of genetic, environmental, and immunologic factors that produces deregulation of the immune system and a breakdown in self-tolerance. In the development of RA, genetic predispositions together with environmental factors are possible triggers, with following synovial T cell activation. Antigen presenting cells (APCs) *via* interactions with T cell receptor and class II major histocompatibility complex-peptide antigen with co-stimulation through the CD28-CD80/86 pathway as well as other pathways activate CD4+ T cells. In theory, after binding of ligands to toll-like receptors (TLRs), the APCs inside the joint may stimulate synovial CD4+ T cells to differentiate into T-helper (Th) 1 and Th17 cells, each with their distinctive cytokine profile. CD4+ Th cells in turn activate B cells, some of which are intended to differentiate into autoantibody-producing plasma cells. The immune complexes of rheumatoid factors and anti-cyclic citrullinated peptides antibodies may be formed inside the joint, activating the complement pathway and amplifying inflammation. The pro-inflammatory mediators such as tumor necrosis factor alpha (TNF-α) are secreted by synovial macrophages and fibroblasts which stimulates T effector cells. TNF-α stimulates the production of other inflammatory mediators, such as interleukin 1 (IL)-1, IL-6, and granulocyte-macrophage colony-stimulating factor, and has a critically important function in regulating the balance between bone destruction and formation. TNF-α stimulates osteoclastogenesis by up regulating the expression of dickkopf-1, which can inhibit the Wnt pathway. Wnt is a soluble mediator that promotes osteoblastogenesis and bone formation ([@ref2][@ref7]).

Non-steroidal anti-inflammatory drugs (NSAIDs) typically support the treatment strategies for RA and corticosteroids controlling pain and inflammation; the disease-modifying anti-rheumatic drugs (DMARDs) which prevent joint damage. Biologic response modifiers (biologicals) using for selective inhibition of specific molecules involve five different modes of action, including TNF inhibition (infliximab, etanercept, adalimumab, certolizumab, golimumab), T cell co-stimulation blockade (abatacept), IL-6 receptor inhibition (tocilizumab, tofacitinib, baricitinib), B cell depletion (rituximab), and IL-1 inhibition (anakinra) of the immune system ([@ref8][@ref9]).

Unfortunately, extra articular adverse effects and toxicity with these drugs particularly in long-term use and in large doses and due to the unselective distribution of these drugs and lack of specificity towards rheumatic organs/tissues are a major concern in clinical use of these agents. Moreover, short half-lives and inadequate drug concentrations in the inflamed joints and areas requires large and frequent dosing resulting in severe side effects and high cost ([@ref10]). Direct intra-articular injection to the infected joints might be a possible solution to avoid the off-target toxicity of these drugs; however, this approach still has many limitations, such as frequent joint needling, risk of infection, joint disability, and intolerance of the patients. Above all, development of novel and effective treatments *via* joint-targeting drug delivery may be an attractive option. This could be achieved with strategies combining nanotechnologies passive targeting and ligand-receptor mediated active targeting. Colloidal targeted drug delivery systems anchored with appropriate ligands for specific receptor overexpressed on cells involved in pathogenesis of RA target drugs specifically to the site of inflammation. This could take place through a process of extravasation through leaky vasculature and subsequent inflammatory cell-mediated sequestration (ELVIS), which is similar to the classic enhanced permeability and retention effect as observed in tumor tissues ([@ref10]) and efficient uptake of the particles into the diseased cells *via* a ligand-receptor mediated endocytosis. The two primary cell types existing in the pannus tissue, RA synovial macrophages (RASMs) and RA synovial fibroblasts (RASFs) selectively express surface receptors such as folate receptor (FR)-β, CD44 and integrin αVβ that are candidates for conventional active targeting ([@ref11][@ref12][@ref13][@ref14]). In addition to these, another viable target for drug delivery in RA is E-selectin adhesion molecule ([@ref15]). Thus, in the current paper, we reviewed, in brief, the potential targets (FR-β, CD44, and integrin αVβ), the TLR family integral membrane bound receptors, the nucleotide-binding oligomerization domain-like receptors (NOD-like receptors), and Fc-γ receptor which could be utilized to facilitate the effective specific delivery of drugs to the inflamed synovium. Different drug delivery systems so far been used for targeting these receptors in RA including the liposomes, nanoparticles, and polymeric micelles are also discussed.

2. CONVENTIONAL ACTIVE TARGETING APPROACHES IN RA TREATMENT {#sec1-2}
===========================================================

2.1. FR-β-mediated active targeted drug delivery system {#sec2-1}
-------------------------------------------------------

Among three major forms of FR binding to folic acid with high affinity, FR-β has been identified as a viable candidate for active targeting to RASMs. Following binding, rapid endocytosis occurs and a fraction of the receptors is delivered into a low pH compartment where dissociation of the vitamin from its receptor is promoted ([@ref16][@ref17][@ref18]).

A study showed that activated (but not resting) synovial macrophages from patients with RA have a functionally active FR-β. This study indicated that compared to monocytes or macrophages from healthy individuals, both FR-β mRNA and the expressed protein are not only more abundant in activated monocytes and RASMs, but the FR-β on the activated cell surfaces can bind folate-linked fluorophores with high affinity ([@ref19]). Thus, activated macrophages and RASMs can be selectively targeted with folate conjugates in arthritic joints, and has a potential to open up new possibilities for the diagnosis and treatment of RA ([@ref20]). For more information, studies that have used folate as targeting ligand for FR-β are listed in [Table 1](#T1){ref-type="table"}.

###### 

Folate drug delivery strategies for rheumatoid arthritis.

  Carrier systems   Materials                                                    Drug agents                             References
  ----------------- ------------------------------------------------------------ --------------------------------------- --------------------
                    PAMAM dendrimer folate                                       Indomethacin                            ([@ref21][@ref22])
                    PAMAM dendrimers folate                                      Methotrexate                            ([@ref23])
                    Chitosan folate                                              DNA                                     ([@ref24])
  Nanoparticles     Lipid PEG-folate                                             NF-κB Decoy                             ([@ref25])
                    Calcium phosphate/liposome-based hybrid nanocarrier-folate   NF-κB-targeted siRNA and methotrexate   ([@ref26])
                    PK3 (pH-sensitive polymer) folate-PEG-                       siRNA                                   ([@ref27])
                    PK3, folate-PEG-PLGA, egg PC, and Sta-                       Methotrexate                            ([@ref28])
  Micelle           Natural chlosterol-polysialic acid-folate                    Dexamethasone                           ([@ref29])
  Liposome          Folate conjugated double liposomes                           Prednisolone and methotrexate           ([@ref30])

PAMAM, Polyamidoamine; PEG, polyethylene glycol; NFκB, nuclear factor kappa B; PLGA, poly(lactic-co-glycolic acid); PC, phosphatidylcholine.

2.2. CD44 receptor-mediated active targeting drug delivery systems {#sec2-2}
------------------------------------------------------------------

RASFs have an additional active targeting receptor on the cell surface adhesion molecule CD44 namely the hyaluronic acid receptor ([@ref31][@ref32]). Several studies have indicated that CD44 is a critical pathogen molecule in RA that is upregulated in the pannus tissues relative to healthy tissues, facilitating inflammatory cell migration and signaling activation of lymphocytes ([@ref33]). \`Some studies that have used hyaluronic acid as a targeting agent for CD44 receptor are summarized in [Table 2](#T2){ref-type="table"}.

###### 

Hyaluronan drug delivery strategies for rheumatoid arthritis.

  Carrier systems   Materials                                          Drug agents                    References
  ----------------- -------------------------------------------------- ------------------------------ ------------
                    HA nanoparticles                                   γ-Secretase inhibitor (DAPT)   ([@ref34])
                    PEI, egg PC, PCADK, HA                             Dexamethasone                  ([@ref35])
                    SLNs coated with HA                                Prednisolone                   ([@ref36])
                    HA-gold nanoparticle                               Tocilizumab                    ([@ref37])
  Nanoparticles     HA-MTX conjugate                                   Methotrexate                   ([@ref38])
                    PEG-TRAIL in 1% HA                                 TRAIL                          ([@ref39])
                    MTX, peptide, linker, HA                           Methotrexate                   ([@ref40])
                    HA-CA conjugate with an acid-labile ketal linker   Methotrexate                   ([@ref41])
                    Click-crosslinked HA                               Methotrexate                   ([@ref42])
                    HA and Pluronic F-127                              Piroxicam                      ([@ref43])
  Liposome          HA-conjugated pH-sensitive liposomes               Prednisolone                   ([@ref44])

HA, Hyaluronic acid ; PEI, polyethylenimine; PC, phosphatidylcholine; PCADK, poly (cyclohexane-1,4-diyl acetone dimethylene ketal);.CA, 5-cholanic acid; SLN, solid lipid nanoparticle; MTX, methotrexate; PEG, polyethylene glycol; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.

2.3. Vitronectin receptor-mediateda active targeting drug delivery systems {#sec2-3}
--------------------------------------------------------------------------

The integrin αVβ3, also known as the vitronectin receptor, consists of a 125 kDa aV subunit and a 105 kDa ß3 subunit that is overexpressed by both angiogenic endothelial cells and RASMs ([@ref45][@ref46]). Integrin αVβ3 has distinct functional properties that are mediated through interactions with a variety of extracellular matrix (ECM) proteins including osteopontin, fibronectin, fibrinogen, thrombospondin, proteolysed collagen, and von Willebrand factor. The interactions with ECM have functional effects on the expression of other cell-surface receptors such as VEGFR1, VEGFR2, fibroblast growth factor receptors 1 and 2 on the endothelial cell surface ([@ref47]). VEGFR1 and VEGFR2 are two types of tyrosine kinase receptors associated with angiogenic activity of VEGF, a potent inducer of synovial proliferation that is synthesized by various cell types such as macrophages, fibroblasts, vascular smooth muscle cells and synovial lining cell in the synovium ([@ref48][@ref49]). A recent study showed that treatment with anti-VEGF-RII had no effect in RA, but anti-VEGF-RI reduced the intensity of clinical manifestations and, based on qualitative and semi quantitative histological analyses, prevented joint damages ([@ref50]).

Another study showed that addition of anti-αVβ3 and αVβ5 antibodies such as vitaxin to the culture medium blocked the increased expression of VEGFR1 and other receptors ([@ref47]). In addition, the role of osteopontin, an ECM protein containing Arg-Gly-Asp (RGD) sequence that interacts with αVβ3 integrins, has been examined in an experimental RA model.

The results showed that osteopontin deficiency prevented surface destruction, loss of proteoglycan in the articular joint cartilage, and swelling of the joints. These preclinical studies illustrate that αVβ3 is an appropriate target for the treatment of RA and related diseases ([@ref51]). [Table 3](#T3){ref-type="table"} shows some studies where RGD has been used as a targeting agent for vitronectin receptors.

###### 

RGD drug delivery strategies for rheumatoid arthritis.

  Carrier systems   Materials                                  Drug agents                   References
  ----------------- ------------------------------------------ ----------------------------- ------------
  Nanoparticles     RGD-PLGA                                   STAT1 siRNA                   ([@ref52])
                    RGD-attached Au half-shell nanoparticles   Methotrexate                  ([@ref53])
  Liposome          RGD-PEG-liposomes                          Dexamethasone phosphate       ([@ref54])
  Micelle           RGD-PEG-PLA                                Methotrexate and nimesulide   ([@ref55])

RGD, Arginyl-glycyl-aspartic acid; PLGA, poly (lactic-co-glycolic acid); PEG, polyethylene glycol; PLA, polylactic acid.

2.4. Active drug delivery systems targeting E-selectin receptors {#sec2-4}
----------------------------------------------------------------

E-selectin, a member of selectin family expressed in both acute and chronic inflammation, has been considered as a suitable candidate for drug targeting. Some studies have shown that cytokines IL-1, TNFa, and bacterial lipopolysaccharide (LPS) could stimulate the expression of E-selectin having a high expression in neovasculature and prostate cancer ([@ref56][@ref57][@ref58]). The fucosylated glycoproteins (ESL1, for E-selectin ligand) or sialomucin glycoproteins (PSGL-1 for P-selectin glycoprotein-1) that have sialylated carbohydrate moieties (sialyl-Lewis x, sLex) epitopes are natural ligands of E- and P-selectin, and these selectin ligands are known to be present on circulating leukocytes plasmatic membrane ([@ref59][@ref60]).

Recently, synthetic analogues of the natural ligands have been investigated that could attenuate inflammation and some of these analogues showed higher affinity to the targets than natural ligand, making them very attractive molecules for active drug targeting ([@ref59][@ref61][@ref62]). Dexamethasone (DEX)- anti-E-selectin immunoconjugate and anti-E-selectin immunoliposomes containing DEX were prepared and compared. The results showed that though DEX-anti-E-selectin was internalized to a larger extent than the anti-E-selectin immunoliposomes, the high drug-loading capacity of the liposomes would allow a larger quantity of DEX for intracellular delivery. Thus, both conjugate and liposomes accumulated in the activated endothelial cells of inflamed murine skin ([@ref63][@ref64]). Another study developed surface-modified liposomes with the polysaccharide Sialyl Lewis X, which is known to bind selectively to E-selectin. The results showed these particles accumulated within inflamed regions when administered intravenously to arthritic mice ([@ref65]).

3. POTENTIAL NEW ACTIVE TARGETING APPROACHES IN RA TREATMENT {#sec1-3}
============================================================

Nucleotide-binding and oligomerization domain (NOD)-like receptors (NLRs) are pattern-recognition receptors (PRR) similar to TLRs. While TLRs are transmembrane receptors, NLRs are cytoplasmic receptors that play a crucial role in the innate immune response by recognizing pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs). Upon PAMP or DAMP detection, NLRs trigger a signaling cascade that activates innate antimicrobial responses *via* the production of pro-inflammatory cytokines, chemokines, type I interferons (IFNs) and antimicrobial peptides, and finally these chemical signals activate B and T cells, thus linking the innate and adaptive immune responses. TLRs and NLRs are the well characterized PRRs and subjects of considerable investigation ([@ref66][@ref67]). In addition to innate immune recognition mechanism, most of the studies reported immune complexes (IC) found in the circulation and afflicted tissues and organs engaged with immune cells and affected Fc receptors. Finally, they can trigger cell recruitment and activation, localized inflammation, adaptive immunity and tissue pathology ([@ref68][@ref69]).

3.1. Toll-like receptors {#sec2-5}
------------------------

TLRs have several key roles in pathological process of RA. First, they identify viral and bacterial pathogens such as herpes virus and mycoplasma, which have long been suspected to be associated with RA, as well as several endogenous proteins found in abundance in the RA joint such as heat shock proteins, fibronectin fragments, necrotic cells, hyaluronan oligosaccharides and IgG-chromatin complexes ([@ref70][@ref71]). Second, TLRs are able to initiate or promote strong immune and inflammatory responses that mentioned above. Finally, these receptors are able to potently activate NF-κB and induce the production of various cytokines and chemokines including TNF and IL-1, two validated targets for the treatment of RA ([@ref71]).

The TLRs family are integral membrane bound receptors that are vital for innate immunity and help to shape the adaptive immune response in humans which composed of 10 members, TLR1 to TLR10 ([@ref72]). Based on their localization, TLRs are dichotomized into groups including TLR1/2/4/5/6/10 that are on the cell membrane and TLR3/7/8/9 that are on the membranes of intracellular compartments such as endosomes and endolysosomes. Immune cells, mast cells, and epithelial cells that are exposed to the external environment such as mouth, lungs, and gut ([@ref73]) predominantly express these receptors. In patients with RA, important changes in synovium include expansion of the synovial intimal lining composed of fibroblast-like synoviocytes (FLS) that overexpress TLR2/3/4/7and produce a high amount of IL-6 and metalloproteinase 3, and macrophage-like synoviocytes that produce a large panel of pro-inflammatory cytokines in response to TLR overexpression. In addition to these, an abnormal presence of bacterial DNA and bacterial peptidoglycans has been reported in joints of patients with RA ([@ref74][@ref75]), and active TLR4 ligands are increased in the serum and synovial fluid of RA patients ([@ref76]).

### 3.1.1. The role of TLR2 in RA {#sec3-1}

Recent studies showed that in patients with active RA, the D16 monocytes that express higher levels of TLR2 are expanded in association with a cytokine spillover from the inflamed joints. These results indicated macrophage colony-stimulating factor and IL-10 induced CD16 monocytes and synovial tissue macrophages with high TLR2 expression, and their production of TNF could be stimulated by endogenous TLR ligands such as Hsp60 and FcRIIIA ligation by small IC in RA joints ([@ref77]).

3.1.1.1. TLR2 agonist and antagonist

SMP-105 is a TLR2 agonist that consists of cell-wall skeleton components, such as mycolic acids, and peptidoglycans from *Mycobacterium bovis* (strain BCG/ Tokyo), approved for the treatment of bladder cancer and it has shown strong adjuvant and antitumor activities. In mice, this agonist induced NF-κB, TNF-α and IL-6 production in a TLR2-dependent manner. These results suggest that the activation of TLR2 by SMP- 105 sufficiently enhanced immune responses such as the number of IFN-γ -producing cells and cytotoxic T lymphocytes, and prevented the growth of the tumors ([@ref78]).

A recent study used whole tissue synovial explant cultures *ex vivo* (which closely reflect the *in vivo* environment) and RA mononuclear cells to demonstrate that Pam3CSK4, a TLR1/2 agonist, significantly increased release of key cytokines. The result indicated Pam3CSK4 significantly upregulated IL-6 and -8 in RA peripheral blood mononuclear cells (PBMC), RA synovial fluid mononuclear cells (SFMCs) and RA synovial explant cultures (*P* \< 0.05). In this study, to assess an anti-TLR2 antibody, the culture of RA PBMC and SFMC were incubated with Pam3CSK4 (TLR1/2 ligand) and anti-TLR2 antibody (OPN301) or an immunoglobulin G (IgG) (1 μg/mL) matched control. The result showed OPN301 significantly inhibited Pam3CSK4 induced IFNg, IL-1b, IL-6, TNF-α, and IL-8 cytokine production in RA SFMCs and PBMC (all *P* \< 0.05) compared to IgG isotype control. The result of RA synovial explants demonstrated that OPN301 penetrated in the synovial tissue, localizing to the lining layer and perivascular region and significantly suppresses spontaneous release of pro-inflammatory cytokines compared to Adalimumab, a well-established TNF blocking therapy. These results indicated that TLR2 promotes pro-inflammatory and destructive processes in RA and further support the rationale of using a TLR2 therapeutic blockade ([@ref79]). 0PN-305 is another TLR2-specific monoclonal antibody inhibiting TLR2- mediated pro-inflammatory cytokine production and is being tested for the potential treatment of inflammatory diseases such as systemic lupus erythematosus and RA ([@ref80][@ref81]).

### 3.1.2. The role of TLR3 in RA {#sec3-2}

TLR3 is an endosomal TLR expressed in DC and recognizes dsRNA ([@ref82][@ref83]). A study indicated RNA that is released from RA necrotic synovial fluid cells can activate TLR3 on RASFs ([@ref84]). Although nucleic acids are readily degraded outside of the cell, in the RA joint, other molecules may protect them. In RA synovial fluid, there is human cationic antimicrobial peptide, LL-37, at high level that binds RNA and protects it from degradation ([@ref85][@ref86]). In addition to this, mimicking the hypoxic conditions of the *in situ* joint has shown to exacerbate cytokine and matrix metalloprotease production following activation of TLR3 in RASFs ([@ref87]). To determine the role of TLR3 signaling in angiogenesis in the rheumatoid synovium, FLS were isolated from RA synovial tissues and stimulated with the TLR3 ligand, poly-I:C. The result showed the expression levels of two pro-angiogenic molecules, VEGF and IL-8, were upregulated by TLR3 ligation in human RA FLS. These results suggest that the activation of TLR3 in RA FLS promotes the production of proangiogenic factors; so targeting the TLR3 pathway may be a promising approach to prevent pathologic angiogenesis in RA ([@ref88]).

In a rat model of pristane-induced arthritis (PIA) TLR3 was significantly upregulated in splenocytes following pristane injection and stimulation of TLR3 with poly-I:C exacerbated disease. In the same study has also shown that downregulation of TLR3 with siRNA ameliorated the disease, pointing to a key role in disease progression ([@ref89]). In another similar study, TLR3 was upregulated during methotrexate administration in splenocytes from both collagen-induced arthritis (CIA) and PIA rat models. The results indicated methotrexate could inhibit both disease symptoms and the increase in TLR3 expression. Therefore, overexpression of splenic TLR3 is strongly associated with arthritis in rats, which suggests that TLR3 should be a most vital TLR in spleen to regulate the initiation and development of experimental arthritis and may be an interesting therapeutic opportunity for human RA ([@ref90]).

### 3.1.3. The role of TLR4 in RA {#sec3-3}

TLR4 is a cell membrane receptor that increases sepsis, RA, ischemia/ reperfusion injury, and allergy ([@ref91]). Several endogenous ligands such as sHSPaA crystallin, HSPB8 or Tenascin C that are present in the synovial membrane activate the innate immune system bind to TLR4 and may promote joint inflammation confirming a significant role for TLR4 in the pathogenesis of RA ([@ref92][@ref93][@ref94]). Pierer *et al.* demonstrated that TLR4 deficient DBA mice develop collagen-induced arthritis with lower incidence and decreased severity. In this study, TLR4-deficient mice were virtually protected from cartilage destruction, and infiltration of inflammatory cells was reduced compared to wild type mice. Parallel with the reduced clinical severity, lower IL-17 and lower anti-anticyclic citrullinated peptides antibody were found in the TLR4 deficient mice. This study supports the role of TLR4 in the dissemination of joint inflammation and destruction, and it indicated a link between TLR4 stimulation and the adaptive autoimmune response ([@ref94]).

3.1.3.1. Ligands potentially used in TLR4 targeting

3.1.3.1.1. Hyaluronan

Some studies have indicated hyaluronan in addition to coupling with CD44 receptor, could have various effects on the inflammatory response related to its molecular size. Low molecular weight hyaluronic acid upregulated the expression of TLR4, induced MyD88 and the inflammation mediators in untreated chondrocytes, and enhanced LPS effect in LPS-treated cells. However, the medium and high molecular weight hyaluronic acid exerted no activity in untreated cells and only the high molecular weight hyaluronic acid reduced the LPS effects. These findings suggest that the regulatory effect of hyaluronic acid at each molecular weight on NF-kB activation may be depend on the interaction between hyaluronic acid and TLR4 and hyaluronic acid may thereby regulate pro-inflammatory activity *via* its different state of polymerization ([@ref95][@ref96][@ref97][@ref98]). Another study reported that inhibition of endogenous hyaluronic acid degradation during arthritis might lead to reducing TLR4 and CD44 activation and the inflammatory mediators' response ([@ref96]). Furthermore, polymeric structure of hyaluronic acid seems able to mask active sites of TLR4, thereby preventing the binding of these receptors with PAMPs ([@ref99]).

3.1.3.1.2. Monoclonal antibody

In a recent study, the first humanized monoclonal antibody, NI-0101, which blocks TLR4 signaling independent of ligand type (i.e., exogenous/endogenous) and concentrations is administrated to healthy volunteers. NI-0101 administration inhibited *ex vivo* and *in vivo* LPS-induced cytokine release, prevented CRP increase and the occurrence of flu-like symptoms following LPS administration to healthy volunteers. Interaction of NI-0101 with TLR4 and Fcγ receptor efficiently blocked TLR4 activation by citrullinated protein IC that present in synovial fluid of RA patient. These results strongly support the potential of TLR4 as a valid therapeutic target in RA, and provide an opportunity to evaluate specific endogenous TLR4 ligands as biomarkers of treatment response in phase 2 trial ([@ref100]).

3.1.3.1.3. TLR4-antagonistic peptides

To develop TLR4 antagonists with rare off-target effects, recently small peptide inhibitors of TLR4/MD2-LPS and TLR4- antagonistic peptides (TAP) have been designed. In this study, TAPs-attributed TLR4-antagonism were initially evaluated through NFκB inhibition in HEK-blue hTLR4 and RAW264.7 cells, and then augmented by the downregulation of mitogen-activated protein kinases, NF-κB, IL-6, and suppression of the oxidative-stress products and inducible nitric oxide synthase (iNOS) in macrophages and human PBMC. Among these, TAP2 specifically suppressed the TLR4 and reduced LPS-elicited systemic cytokine. *In vivo* results suggested the small peptides specifically TAP2 have the potential to target TLR4 and to treat TLR4-mediated autoimmune diseases such as RA ([@ref101]).

3.1.3.1.4. Glycol-split heparin nanoparticles

It has recently shown that unlike native heparin, heparins modified with lipids or incorporated into nanostructures act as selective TLR4 antagonists and has much greater anti-inflammatory activity. In a recent study, glycol-split non-anticoagulant heparin/D-erythro-sphingosine nanoparticles (NAHNPs) were synthetized and their therapeutic potential was examined in CIA animal model. The results showed that NAHNP significantly inhibited the production of pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β in LPS-induced primary mouse macrophages and DC2.4 dendritic cell line. Treatment with NAHNP had a potent suppressive effect in the arthritis score and footpad swelling and levels of IgG1 and IgG2a antibodies against bovine type II collagen as well as levels of TNFa, IL-6, and IL-1β in knee joints and sera compared to control mice. Moreover, downregulation of the NF-κB signaling pathway was observed in NAHNP treatment, and histological examination revealed significant suppression of inflammatory cell infiltration, joint destruction and synovial proliferation in synovium compared with control mice ([@ref102]). These results suggest that selective inhibition of TLR4-NF-κB signaling with NAHNP provides an effective therapeutic and targeting approach to inhibit chronic inflammation in RA.

3.1.3.1.5. Gum xanthan stabilized silver nanoparticles

Rao *et al.* reported oral administration of xanthan gum-stabilized silver nanoparticle (AgNP) with bergenin could target reactive oxygen species, cytokines, and TLR expression in adjuvant induced arthritis (AIA) model. They exhibited potent anti-arthritic activity with minimal arthritic scores, mild to moderate paw tissue swelling, reduced degenerative alterations along with mild articular changes and less influx of inflammatory cells in macroscopic X-ray and histological examination. Moreover, administration of bergenin and its NPs suppressed the levels of reactive oxygen species through their inhibitory effect against TLR (TLR2/4) and cytokine (IL-1b, IL-6, and TNFa) production. These results demonstrated xanthan gum-stabilized AgNP is a stable and promising multi-targeted therapeutic nano-cargo for bergenin and other drug delivery systems with efficient treatment of RA ([@ref103]).

3.1.3.1.6. Opuntiol-coated silver and gold nanoparticles

Roome *et al.* reported that opuntioside-I (OPG) and opuntiol (OP), the chemical constituents isolated from *Oxalis dillenii*, and their gold and silver NPs reduced AIA through the targeting TLRs (TLR2/4) and cytokines (IL-1β and TNF-α) expressions to validate their anti-inflammatory and immuno-modulatory response. Treatment with OP and OPG (10, 50, and 100 mg/kg) as well as OP-silver NPs and OP-gold NPs (0.5, 1, and 3 mg/kg) in arthritic rat showed minimal arthritic score and tissue swelling in ankle joints. In addition, the treatment groups significantly suppressed protein and mRNA expressions of TLRs (TLR2/4) and cytokines (IL-1β and TNF-α) levels comparing to arthritic control. These results suggested the tested compounds and nano-formulations successfully restored the disease progression in AIA rat owing to their anti-inflammatory potentials and can be considered for RA targeted therapy to address the utmost challenges of the disease ([@ref104]).

### 3.1.4. The role of TLR5 in RA {#sec3-4}

TLR5 is a cell surface TLRs whose role in RA had not been fully known before 2012 ([@ref80]). Comparison of *in vitro* differentiated macrophages from RA peripheral blood with normal peripheral blood showed elevated expression of TLR5 in RA synovial fluid macrophages and RA peripheral blood monocytes. Moreover, in RA synovial fluid monocytes, TLR5 is an important modulator of TNF-α and the expression of it on these cells strongly correlates with RA disease activity, and TLR5 expression has a feedback regulation with TNF-α. In addition, the TLR5 expression is regulated by IL-17 and IL-8 in RA macrophages and fibroblasts ([@ref80][@ref105]). In addition, the more responsibility of RA monocytes and macrophages to TLR5 ligation leads to pro-inflammatory response. These evidences suggest that expression of TLR5 may be a predictor for RA disease progression and targeting TLR5 may suppress RA ([@ref80][@ref105]).

### 3.1.5. The role of TLR7/8/9 in RA {#sec3-5}

TLR7/8 are endosomal TLRs are significantly expressed in RA monocytes at high level compared to macrophages. Ligation of a TLR7/8 agonist induces TNF-α production from macrophages, a key mediator of the disease process in RA. In support of pathological role of TLR7, a study on TLR7 (-/-) mice showed a reduction in clinical score, paw swelling, and number of paws affected when compared to wild type mice ([@ref106]). The mice showed a significant decrease in IL-17/TH17 and an increase in Treg cells that are implicated in the control of inflammatory arthritis in animal models, pointing to a potential role of TLR7 in regulating T-cell plasticity or the balance between TH17 cell/Treg cell responses or both ([@ref106][@ref107]). Other studies indicated that activation of TLR7 with a low-dose of small synthetic ligand could induce tolerance of TLR2/7/ 9 signaling and suppress disease in a serum transfer model of arthritis ([@ref106][@ref108]). Another study showed that TLR8(-/-) mice developed spontaneous autoimmunity characterized by the increased serum levels of IgG2a, IgM, and autoantibodies against small nuclear ribonucleoproteins and dsDNA. The increased TLR7 levels being hyperresponsive to TLR7 activation was observed in DC obtained from these animals. In addition, concomitant TLR7/8 knockout, or individual TLR7 knockout mice did not show an autoimmune phenotype suggesting the potential for TLR8 to regulate TLR7 signaling in mice. Taken together these studies showed that TLR7/8 receptors may provide amenable targets for the development of new therapeutics in RA ([@ref106][@ref109]).

TLR9 is another endosomal TLRs that recognizes CpG-rich DNA or DNA conformation ([@ref110]). In RA, TLR9 has a predominant role on B cells, where activation by DNA-containing IC has been shown to stimulate rheumatoid factor-positive auto reactive B cells ([@ref111]). The data obtained from a recent study revealed involvement of TLR9 in the T cell-dependent phase of inflammatory arthritis. In this study, inhibition of TLR9 before disease onset significantly reduced arthritis and almost completely abolished bone erosion; and serum levels of IL-6, a-1-acid-glycoprotein, and rheumatoid factor were reduced in rats with PIA. Furthermore, in TLR9(-/-) mice, streptococcal cell wall-induced arthritis was reduced in the T-cell dependent phase, whereas, T cell-independent serum-transfer arthritis was not affected. In precursor cells, the expression of TLR9 was higher than that of in mature osteoclasts and partial inhibition of osteoclastogenesis was achieved only by the TLR9 antagonist. These results demonstrate a key role of TLR9 in the T cell-dependent phases of inflammatory arthritis and suggest some role during osteoclastogenesis ([@ref112]). Therapeutic application of TLR9 antagonists considered in the very early pre-clinical phases in persons at high risk for developing RA to prevent generation of autoimmune reactions leading to the inflammatory and deleterious processes in the joint characteristics of RA.

3.1.5.1. TLR7/8 /9 antagonists in RA treatment

Among conventional drugs used to treat RA, hydroxychloroquine is an antimalarial drug that is known to act as a TLR9 antagonist and to a lesser extent TLR7/8. A recent study has shown this drug also inhibited CpG-induced production of IL-6 and TNF-α in B cell subsets, and markedly suppressed the TLR9-mediated human B cell functions during inflammatory processes ([@ref113]). Furthermore, selective serotonin reuptake inhibitors such as fluoxetine and citalopram, in addition to their antidepressant effects, have been reported to have anti-inflammatory effects. These drugs selectively inhibit endosomal TLR3/7/8/9 signaling, ameliorate disease in CIA, and suppress inflammatory cytokine production in human RA tissue ([@ref114]).

3.1.5.1.1. TLR7/8/9 antibody-based antagonists

CPG-52364, an antagonist of TLR7/8/9, was initially used for the treatment of systemic lupus erythematosus (SLE), although it could also be useful in patients with RA ([@ref82]). IMO-3100 (inhibiting TLR7/9) and IMO-8400 (inhibiting TLR7/8/9) are antagonists that inhibit signaling pathways and production of a broad range of cytokines, including TNF-α, IL-12, IL-6, IFN-α, IL-1β, and IFN-γ -induced protein -10, mediated by TLR7/8/9 in HEK293 mouse and human cell-based assays. In mice, these antagonists inhibited TLR7/9-mediated cytokine induction in a dose- and timedependent fashion. In preclinical models of autoimmune diseases including CIA and lupus, these TLR antagonists inhibited Th1, Th17, and inflammation pathways and suppressed production of cytokines such as TNF, IL-12, IL-6, and IL-17 ([@ref115]).

3.1.5.1.2. Attenuation of TLR9 signaling by gold nanoparticles

Although gold NPs have become one of the ideal nanomaterials for medical applications, the immunological effects of gold NPs are still of concern and require detailed investigation. Tsai *et al.* explored the immunological significance of gold NPs on TLR-mediated innate immunity in murine macrophages and raw 264.7. They found that gold NPs accumulated in lysosome after phagocytosis and they attenuate TLR9 signaling related to its molecular size. Among different sizes of gold NP, the smallest size (4 nm) is the most potent in the inhibition of the TLR9 signal because of the highest surface area to bind molecules in the lysosomal compartments such as the common DNA sensor. In relation to cytokine inhibition, gold NPs, especially in size of 4 nm, reduced TLR9 signaling and suppressed phosphorylation of NF-kB and Janus kinase as well as NF-kB activation. Thus, application of gold NPs as nanocarrier system may be useful in RA, because of TLR9 targeting potential and anti-inflammation effects ([@ref116]).

3.1.5.1.3. Cationic dendronized polymer

The key auto-antigen in RA is cell free deoxyribonucleic acid (cfDNA) that is released from dead or damaged cells and is recognized by TLR, leading to activation of the innate immune system and chronic inflammation. Recently, Peng *et al.* developed a cationic molecular scavenger through a screening of cationic dendronized polymers, which could eliminate the cfDNA and inhibit the TLR recognition especially TLR9 and nucleic acid induced inflammation. This study demonstrated that toxicity, nucleic acid binding capacity and bio-distribution could be balanced to achieve maximum therapeutic effect with excellent control of molecular structure. Moreover, the suitable cationic polymer PCL-g-PAMAM Denpols effectively suppressed the joint swelling, synovial hyperplasia, and bone destruction in CIA rat model. These results supported that the synthetic polymers offer new approaches for treatment and targeting drug delivery in RA ([@ref117]).

3.2. NOD-like receptors {#sec2-6}
-----------------------

The NLR is one of the cytoplasmic PRRs involved in innate immune defense. The NLR family consists of 22 cytoplasmic proteins including the NOD and NALP subfamilies expressed in monocytes, DC, and non-hematopoietic cell types ([@ref67]). Triggering of endogenous NOD leads to only moderate secretion of cytokines such as TNFa and IL-1 through activation of NFκB and mitogen activated protein kinase. NALP subfamilies contain three human inflammasomes, the NALP1 inflammasome activates caspase-5 and caspase-1; the NALP3 and IPAF inflammasomes, activate caspase-1 that is required for the processing and maturation of proinflammatory cytokines such as IL-1 and IL-18 leading to fever, joint pain and systemic inflammation in rheumatic diseases ([@ref118]). Recently, the study of Guo *et al.* confirmed the role of NLRP3 inflammasome in RA by reporting an increased protein expression of NLRP3 and active caspase-1 in RA compared to osteoarthritis synovial tissue. According to this finding, they reported that using a small molecule inhibitor of the NLRP3 inflammasome, MCC950, ameliorated the synovial inflammation and cartilage erosion in a CIA mouse model. The level of IL-1β was also decreased in both serum and synovial tissue, while the levels of TNF-α and IL-6 remained unchanged. These results suggest that NLRP3-induced IL-1β release contributes to shape and stability of the immune/inflammatory processes in RA. Thus, inflammasome could be represented as a suitable pharmacological target for the management of RA ([@ref119]). Yang *et al.* reported that oral administration of quercetin reduced arthritic scores and paw edema, decreased the joint levels of TNF, IL-6, PGE2, COX-2, iNOS, and Th17 cells, and increased the number of Treg cells in mice with CIA, through the inhibition of NLRP3 inflammasome activation ([@ref120]).

3.3. Fc-γ receptors (FcγRs) {#sec2-7}
---------------------------

In humans, FcγRs are receptors for the Fc region of IgG possessing the activating receptors FcγRI, FcγRIIA, FcγRIIIA and FcγRIIIB and the inhibitory receptor FcγRIIB. FcγRI and FcγRIII activate cells *via* a common γ chain inducing severity of RA, but FcγRII suppresses RA through downregulation of antibody production and IC--triggered activation. The antibody affinities of most of these receptors are different due to their different molecular structures; however, FcγRI has higher affinity among FcγR in humans, which might be a desirable target for treatment of RA ([@ref8][@ref121]). The FcγRIIA is an attractive target for the treatment of RA because of its expression on multiple immune cells that commence pathological inflammatory responses. Chen *et al.* showed that VIB9600 antibody could suppress IC-mediated cellular activation by inhibiting FcγRIIA, which provide alternative therapy for the treatment of autoimmune conditions. They also observed that VIB9600 could inhibit IC-induced TNFa and IL-6 production in RA ([@ref121]).

4. CROSS-TALK BETWEEN TLR AND OTHER RECEPTORS IN RA {#sec1-4}
===================================================

4.1. Cross-talk between TLR and NLRs in RA {#sec2-8}
------------------------------------------

TLRs and NLRs are two major forms of innate immune sensors for providing immediate responses against pathogenic invasion. Their activation induces the macrophages and neutrophils, and abnormalities in any of these sensor-mediated processes may lead to excessive inflammation. The NLRs are the cytoplasmic counterpart of TLRs for sensing microbial pattern and various metabolic stresses ([@ref118]). Certain TLRs such as TLR2/4/9 and certain NLRs such as Nalp3 are implicated in various inflammatory diseases ([@ref67]). Numerous studies have reported that NLRs complete and synergize TLRs in induction of innate immune responses and generation of IL-1β, IL-18, and IL-33. For instance, TLR ligand such as LPS induces the activation of NF-κB that is necessary for the production of pro-IL-1, and consequently pro-IL-1 is processed to IL-1 production by NLR (Nalp3)-mediated caspase-1([@ref67][@ref118][@ref122][@ref123]). Conversion of pro-IL-1 to IL-1 requires not only activation of caspase-1 which is triggered by TLR ligands and ATP, but also a second stimulus to induce the formation of the inflammasome to enhance the proteolytic maturation and secretion of IL-1β ([@ref122]). Although, the induction of caspase-1 activation is independent of TLR4, secretion of mature IL-1β additionally needs TLR-dependent upregulation of IL-1β precursor and TLR-signaling is required for the assembly of a functioning inflammasome complex ([@ref122][@ref123]). A recent study reported that although blocking of IL-1 by recombinant human IL-1R antagonist (The TLRs belong to the IL-1R family ([@ref124])) has been less effective in RA compared to anti-TNF-therapy, targeting therapies to upstream signaling molecules including NLR-mediated inflammasomes might improve efficacy of current biological therapy for many autoimmune diseases ([@ref118]). Therefore, attention to cross-talk between TLRs and NLRs in the pathogenesis of chronic inflammatory disorders may provide novel targets for the prevention or treatment of many common inflammatory diseases.

4.2. Cross-talk between TLR and Fc-γ receptor in RA {#sec2-9}
---------------------------------------------------

Although FcRs and TLRs are required for secondary antimicrobial immune responses, their co-induction may also exacerbate inflammatory diseases. Numerous studies reported cross-talk between FcRs and TLRs, and their functional profile in inflammatory immune responses. The cross-talk occurring between FcRs and the cell surface-expressed TLR1/2/4/5/6 and the endosomally expressed TLR7/8 could induce synergistic release of inflammatory cytokines after simultaneous triggering of FcγRIIA. In joints of arthritic patients, co-activation of FcRs and TLRs may contribute to the severity of the disease. Co-activation of FcγRIIA and TLR2 repolarize anti-inflammatory M2-like macrophages into M1-like macrophages with a pro-inflammatory phenotype and production of TNF-α, IL-1b, and IL-6. Attention to cross-talk between TLR and FcRs may further open up novel therapeutic options and new strategies for smart delivery systems for treatment of inflammatory diseases ([@ref125]).

5. CONCLUSION AND FUTURE PROSPECT {#sec1-5}
=================================

Despite recent advances in medical therapies of RA some patients are resistant to conventional drugs and frequent and long-term use of the drugs leads to adverse events and non-specific organ toxicity. Therefore, application of drug delivery strategies based on receptor targeting as outlined herein, promises to improve patient outcome by reducing the likelihood of adverse reactions, off-target unwanted effects to conventional drugs and reducing frequency and quantity of drug administration. With greater understanding of RA, further progress on the molecular pharmacology and more in-depth research into novel carriers and drug targeted delivery to the arthritic joints can increase the possibility of successfully controlling the progression of the disease in all RA patients, and they greatly enhance the clinical treatment of RA. Recently, remarkable attentions have been paid in developing inhibitors or ligands for the specific targeting of new receptors such as TLR, FcRs, and NLR, which are involved in the TLR signaling pathways in addition to their signaling pathways. Several receptors involved in the pathological process of RA ([@ref7]) are especially overexpressed in synovial tissue cells. Conventional receptors such as CD44, folate, and integrin αVβ overexpressed in synovial macrophages and fibroblasts have been widely used for active targeting in RA. Recently discovery of new receptors such as TLRs, FcRs, and NLR, many of which are expressed on synovial cells and APCs ([@ref7]) not only have opened new horizons for developing new drugs but also their antagonists or humanized monoclonal antibody could be employed as ligands for targeting drug-containing carriers towards APCs and DC for the effective treatment of RA.
